Objective: In the clinical practice, visceral proteins are used as indirect markers of protein energy malnutrition (PEM), but their reliability could be reduced with advancing age. The aim of this work is to investigate the reliability of albumin, prealbumin, retinol-binding protein (RBP) and transferrin in evaluating nutritional status in old patients and their relationship with fat-free mass (FFM). Design: Cross-sectional study. Setting: Padua, Italy. Subjects: In 44 underweight (body mass indexo20 kg/m 2 ) (66-97 years) and 69 normal weight or overweight elderly subjects (62-98 years), albumin, prealbumin, transferrin and RBP were determined in the plasma. Body composition and particularly FFM was obtained by dual X-ray absorptiometry. FFM was also expressed as FFM index (FFMI) calculated as FFM divided by height squared. Subjects affected by acute illnesses and inflammatory states were excluded. Results: Albumin, prealbumin and RBP mean values were significantly lower in underweight subjects. No differences between two groups were found for transferrin. Albumin prealbumin and RBP resulted under the normal range in 55, 25 and 54% of underweight subjects, respectively. Transferrin's values were low in about 40% of underweight and normal weight subjects, respectively. In all subjects, FFMI shows a significant correlation with albumin (r: 0.52), prealbumin (r: 0.64) and RBP (r: 0.57). No correlation between FFMI and transferrin was found. Conclusions: Visceral proteins, except for transferrin, seem to be useful indexes in detecting malnutrition in the elderly; low values still in the normal range should also be carefully evaluated because they could suggest a poor nutritional status.
Introduction
Protein energy malnutrition (PEM) represents a condition of major impact in advanced age for its high prevalence in the hospitalized and institutionalized patients and for the consequences on functional status and health (Constans et al., 1992) . PEM derives from a negative energy balance leading to a reduction of both somatic proteins of fat-free mass (FFM) and of visceral proteins. In the elderly, FFM loss due to malnutrition is a condition overlapping to sarcopenia defined as the loss of muscle mass and strength that occurs with age (Roubenoff et al., 1997) . This FFM loss leads to an increased risk of frailty (Roubenoff, 2000) , disability (Baumgartner et al., 1998; Janssen et al., 2002 Janssen et al., , 2004 and mortality (Metter et al., 2002; Roubenoff et al., 2003) .
In the clinical practice, some plasma proteins as albumin, prealbumin, retinol-binding protein (RBP) and transferrin are used as indirect markers of PEM. The level of these nutritional markers could be also modified by non-nutritional conditions as inflammatory states (Corti et al., 1994) , which have an increased prevalence with advancing age. Low values of albumin can be related to protein-wasting syndromes, hepatic disease or alterations of hydration state (Rothschild et al., 1988) . Prealbumin and RBP are negative acute-phase proteins, since they decrease during the days following an acute stress (Omran and Morley, 2000) . On the other hand, prealbumin and RPB increase in renal failure. Transferrin is influenced by many conditions common in old age beside malnutrition, while it raises in iron deficiency anemia (Finucane et al., 1988) .
For these reasons, the reliability of these visceral proteins as markers of malnutrition is under judgment in the elderly. Moreover, body composition changes due to malnutrition and sarcopenia occurring with advanced age impose to investigate the nutritional role of these visceral proteins and to consider their relationship with FFM. Previous studies evaluated only the relationship between albumin and FFM (Baumgartner et al., 1996) , while previous authors investigated the relationship between other plasma proteins and indirect indexes of body composition as skinfolds thickness and calf circumference (Volkert et al., 1992; Bonnefoy et al., 2002) .
The aim of this work is to investigate the reliability of the main visceral proteins in the evaluation of nutritional status in old patients and their relationship with FFM as determined by dual X-ray absorptiometry (DEXA).
Subjects and methods

Subjects
This survey was performed in the Geriatric Hospital in Padua (Italy). An individual written informed consent was also obtained. The participants were 113 elderly outpatients divided into two groups according to body mass index (BMI):
forty-four subjects (16 males aged 7919 years and 28 females aged 8217 years) considered underweight according to values of BMI below 20 kg/m 2 ; and sixty-nine normal weight or overweight elderly subjects, 33 males aged 7818 years and 36 females aged 8018 years with BMI ranging from 20 to 30.
In all subjects, a brief history, a physical examination and routine blood analysis were performed.
We excluded subjects affected by acute illnesses, severe liver, heart or renal failure (serum creatinine 4200 mmol/l), endocrinopathies, neoplasms, inflammatory states and other pathologies known to influence body composition and protein metabolism. Patients treated with drugs interfering with water balance (diuretics) or protein synthesis (steroid hormones) and subjects with body weight variation X3% in the previous 6 months were also excluded.
The study design was approved by the local ethics committee.
On the same day all subjects were submitted to several measurements as follows:
Anthropometry: Body weight was measured to the nearest 0.1 kg and height was determined to the nearest 0.1 cm with subjects wearing light clothes and no shoes. BMI was calculated as weight in kilograms divided by height in square meters.
Biochemical analysis: All analyses were performed at the clinical pathology laboratory of the Geriatric Hospital of Padua. Blood samples were obtained in the morning after a 12-h overnight fast, kept at 41C for 1 h, and then centrifuged at 3000 r.p.m. for 10 min to obtain serum or plasma. To assess clinical conditions, routine biochemical analyses were performed. Moreover, to exclude states of inflammation we evaluated the velocity of erythrosedimentation, C reactive protein, fibrinogen and leukocytes. The blood was also analyzed for albumin, prealbumin, RBP and transferrin by a nephelometric method (Behring nephelometric analyzer II, Behring Diagnostics Gmbh, Marburg, Germany). All the reagents and the instrument were provided by Behring-Dade (Behring Diagnostics, Gmbh, Marburg, Germany). The instrument calibration, the reagent preparation and the analytic methods were performed according to the manufacturer's specification. During the analysis, the performances were checked daily using internal quality control (N/T protein control SL/M, Behring-Dade).
Body composition: FFM and fat mass (FM) were obtained by dual energy X-ray absorptiometry (DEXA) with fan-beam technology (Hologic QDR 4500 W Inc.). A standardized procedure for patient positioning and utilization of QDR software was used. The DEXA scans were analyzed with the Hologic software for body composition evaluation, version 8.21. DEXA presents a good reproducibility in the determination of soft-tissue composition (Lukaski, 1993 ) and a good agreement was found in elderly subjects (Baumgartner et al., 1995) . Fan-beam DEXA technology for measuring FM and FFM have also been validated recently (Fuerst and Genant, 1996; Ellis and Shypailo, 1998; Modlesky et al., 1999; Visser et al., 1999; Mazess and Barden, 2000) . FFM and FM were expressed as absolute value and as a percentage of total body weight. FFM was also normalized for height as FFM index (FFMI) calculated as FFM divided by height squared (Van Itallie et al., 1990) . Moreover, appendicular skeletal muscle mass (ASMM) was measured as the sum of the fat-free softtissue masses of arms and legs, as described by Heymsfield et al. (1990) . ASMM index (ASMMI) was finally calculated as ASMM divided by height squared (Baumgartner et al., 1998) . To define sarcopenia, we used as cutoff 2 s.d.'s below the sex-specific ASMMI mean values of the Rosetta study young adults (7.26 for males and 5.45 for females) as proposed by Baumgartner et al. (1998) .
Statistical analysis: Data were analyzed with Systat statistical software, version 11.5 for Windows (SPSS Inc., Chicago, USA). The results were expressed as mean7s.d. Differences of the variables between normal and underweight people were evaluated in both genders by Student's unpaired two-side t-test (P: 0.05). The relationship between visceral proteins and body composition was evaluated in all subjects by linear regression model.
Results
Body composition values of the subjects are shown in . This group had ASMM and ASMMI significantly lower than normal weight subjects in both sexes. Applying the criteria proposed by Baumgartner et al. (1998) to define sarcopenia, all underweight men and 71% of underweight women resulted sarcopenic. On the contrary, among the subjects with BMIX20 kg/m 2 , sarcopenia affected only 36% of men and 19% of women.
Albumin, prealbumin and RBP mean values were significantly lower in underweight subjects (Table 2) . No differences between two groups were found for transferrin. As shown in Figure 1 , albumin, prealbumin and RBP resulted Visceral proteins and malnutrition in the elderly G Sergi et al under the normal range in 55, 25 and 54% of underweight subjects, respectively. Transferrin's values were low in 41% of underweight and 36% of normal weight subjects. Considering the underweight and the normal weight elderly subjects together, body weight and all parameters of body composition correlated with albumin, prealbumin and RBP, but not with transferrin (Table 3) . FFMI showed the best correlation with albumin (r: 0.52; Figure 2 ), prealbumin (r: 0.64; Figure 3 ) and RBP (r: 0.57; Figure 4) . No correlation between FFMI and transferrin was found ( Figure 5 ).
Discussion
In this study, we investigated the role of visceral proteins as indexes of nutritional status in the elderly.
A BMI value below 20 kg/m 2 has been considered as the cutoff to detect an underweight condition in our old subjects because it represents the 5th percentile of the distribution of BMI in an Italian old population (Perissinotto et al., 2002) and is widely used in geriatrics (Corish et al., 2000) . Visceral proteins and malnutrition in the elderly G Sergi et al
As already discussed in our previous reports (Coin et al., 2000; Sergi et al., 2002) , to evaluate FFM in relation to body size and nutritional status, we used the height normalized FFM (FFMI), because the FFM expressed as absolute value or as percentage of body weight is unsatisfactory (Van Itallie et al., 1990; Sergi et al., 2002) . In the underweight group, all men and 90% of women presented FFMI values below the 10th percentile of a normal aged population of the same geographical area (unpublished data). This low FFM was confirmed by the higher prevalence of sarcopenic subjects among our underweight elders. However, in these old subjects it is difficult to evaluate the condition of pure sarcopenia as reported by previous authors (Roubenoff et al., 1997) because the peripheral muscle mass loss may be due to the aging process but also related to malnutrition.
Underweight subjects presented reduced mean values of albumin and other visceral proteins, except transferrin. This confirms that the probability to find signs of protein malnutrition increases in the underweight state. Probably underweight condition and low plasma proteins are both indexes of a poor nutritional status enhanced in old people by sarcopenia.
Our results put under discussion the role of transferrin in detecting malnutrition in the old patient. The mean values of transferrin and the prevalence of subjects with values below the range of normality did not allow one to distinguish the healthy subjects from those affected by a poor nutritional status. Moreover, transferrin did not show any relationship with FFM corrected by height.
In acutely ill elderly patients, previous authors (Finucane et al., 1988) found no correlation between transferrin and some indirect indexes of body composition as arm muscle area and triceps skinfold thickness. They concluded that plasma transferrin is not a useful marker of the nutritional status. Our study confirms these observations and suggests that the role of transferrin as nutritional parameter in the elderly should be revised. Probably other factors, beside malnutrition, could influence transferrin values. It is already known that transferrin levels increases in iron deficiency anemia and decreases in hepatic cirrhosis, iron overload and acute and chronic infections (Finucane et al., 1988) .
Albumin is a plasma protein that maintains osmotic pressure and carries various substances through the bloodstream. The half-life of albumin is the longest among all plasma proteins used in the nutritional assessment. For this reason, it can be assumed as a better index of chronic malnutrition.
A correlation between hypoalbuminemia and mortality in general elderly population (Corti et al., 1994) and in hospitalized old patients (Sullivan et al., 1985) has been already described.
Although nutrition has been considered one of the most important factors regulating albumin synthesis (Rothschild et al., 1988) , the presence of comorbid conditions has been considered as the most frequent cause of hypoalbuminemia in the elderly (Friedman et al., 1985) . In fact, it has not been clarified how much the relationship between hypoalbuminemia and mortality could depend either on malnutrition or on a condition of severe illness and comorbidity.
Our results confirm the correlation between plasma albumin and FFM previously reported by Baumgartner et al. (1996) . In our study, the correlation coefficient is higher than that found by this author (r: 0.52 vs r: 0.29). Nevertheless, albumin has a wide distribution volume, mainly extravascular (skin and muscle mass). The mobilization of albumin from this pool might reduce its plasmatic fluctuation when nutritional imbalances occur. This probably explains the weaker correlation found between FFM and albumin compared with prealbumin and RBP, which do not have any extravascular reserve.
Prealbumin as well as RBP are negative acute-phase proteins and they decrease in the days following an acute stress (Omran and Morley, 2000) . Nevertheless, many factors like renal failure, corticosteroids and salycilates are reported to increase serum prealbumin (Johonson, 1999) . RBP is a protein with a short serum half-life (Omran and Morley, 2000) . Therefore, it is possible that nephropathic patients, if affected with protein-calorie malnutrition, have normal RBP serum levels (Kergoat et al., 1987) . Finally, retinol deficiency may determine a reduction in RBP serum levels due to the reduction in its hepatic synthesis (Smith et al., 1998) .
In our study, the mean prealbumin and RBP values were significantly reduced in underweight subjects and showed a higher correlation with FFM than albumin, explaining 41 and 32% of FFMI variability, respectively. These results show that in the elderly the visceral markers of nutritional status, Visceral proteins and malnutrition in the elderly G Sergi et al except transferrin, seem to be associated with FFM changes even in normal nutrition condition.
It is known that FFM depletion and cachexia are associated with an increase of some cytokines such as IL6 and IGF-I . Moreover, IL6 is increased in malnourished patients affected with colorectal cancer (Nakagoe et al., 2003) . Other authors have suggested that IL6 mediates malnutrition in patients undergoing cronic hemodialysis (Kaizu et al., 1998) . A decrease of some negative acute-phase proteins, like transferrin, albumin and RBP, has been reported during subcutaneous IL6 treatment (Banks et al., 1995) . Probably, in the elderly, sarcopenia and malnutrition might be mediated by an increase of some cytokines leading to a loss of FFM as well as to a decrease of visceral proteins. The existence on IL6 gene of target sites for RBP suggests the possibility of a triggering of a positive feedback secondary to an increase of IL6, which is physiological in the elderly (Fagiolo et al., 1993) . We did not perform any cytokine test on our elderly subjects. In the future, it might be interesting to evaluate directly in each patient the relationships among IL6 variations and malnutrition indexes.
Our results suggest a revision of the significance and the employment of these proteins in the nutritional assessment of old people. Low values of albumin, prealbumin and RBP should be considered unfavorable, although still in the normal range because they may suggest a poor protein somatic status.
Our study has the advantage that body composition has been determined by a reference method as DEXA; nevertheless, it has the limit of a small sample size. Our selection criteria aimed to exclude rigorously acute illnesses and inflammation states. This allowed a stronger evaluation of the reliability of visceral proteins as markers of malnutrition excluding a possible confounding factor as acute inflammation. In fact, our subjects presented velocity of erythrosedimentation, C reactive protein and leukocytes in the normal range, and the differences in mean values between underweight and normal weight groups were not statistically significant. On the other hand, we did not evaluate the nutritional role of these proteins during systemic inflammatory states, which are actually peculiar of the elderly. Therefore, in the elderly, alterations of albumin, prealbumin and RBP may suggest nutritional disorders but do not exclude other confounding conditions like inflammatory and disease states. Then their use in the geriatric practice should be carefully considered. Moreover, for the presence in underweight group of a relevant percentage of normal protein values, the use of visceral proteins as single marker of malnutrition may lead to an underestimation of this condition.
In conclusion, our results suggest that visceral proteins, except for transferrin, seem to be useful indexes in detecting malnutrition in the elderly. They tend to decrease with FFM loss, than low values still in the normal range should be carefully considered, because they could suggest a poor nutritional status.
